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(57) Abstract 

An armoured flexible pipe has an inner liner (3) surrounded by a pressure armour (5, 6) that is surrounded by a tensile armour (7, 8). 
The pressure armour (5, 6) is constructed from a number of profiles (5, 6, 10, U, 12, 14, 14a, 14b, 14c) which may engage with each other. 
In order to obtain optimum functionality, the profiles are shaped as X profiles (14, 14a, 14b. 14c) which are kept together widi another 
type of profile, e.g. C or T type profiles. In one embodiment, the X profiles have an open channel (17). In this way gas or liquid, such as 
rinsing fluid, may be pumped through the armour layer, from one end of the pipe to the other end. In particular, the armoured flexible pipe 
is useful for conveyin g fluids such as water, ammonia, hydrocarbons, etc. 
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Armoured flexible Pipe and use of same. 



The invention relates to an armoured flexible pipe comprising an inner liner surrounded by 
5 a pressure armour comprising a number of helically wound profiles, on the outside of which 
a number of profiles are mounted. 

The invention further relates to a use of the pipe. 

* 

10 Usually, pipes of the above-mentioned type comprise an inner liner forming a barrier to 
outflow of fluid conveyed through the pipe. 

The inner liner is wound with one or more armour layers which are not chemically bound to 
the inner liner but may move in relation thereto, thus ensuring the flexibility of the pipe dur- 
ing laying out and operation. 

15 

An outer sheath is located outside the armour layers in order to form a barrier to inflow of 
fluids from the sun^oundings of the pipe into the armour layers. 

In order to prevent the inner liner from collapsing, the inner liner is often lined with a flexi- 
ble, wound pipe, a so-called carcass. 

20 

The above-mentioned type of flexible pipes is used e.g. for conveying liquids and gasses in 
different depths of water. 

In particular, they are used in situations in which very high or varying water pressures are 
present along the longitudinal axis of the pipe. A riser pipe extending from the seabed to an 
25 installation at or near the surface of the sea is an example. 

Furthermore, this type of pipe is used between installations located on the seabed at low 
depths or between installations near the surface of the sea. 

30 Some of the armour layers, particulariy those that are used as pressure armour, are most 
often constructed in such a way that they comprise different metal profiles. When wound 
with a large angle in relation to the longitudinal axis of the pipe, these profiles will be able 
to absorb radial forces resulting from outer or inner pressure. Thus, the profiles prevent the 
pipe from collapsing or exploding as a result of pressure and are thus called pressure-re- 

35 sistant profiles. 
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As opposed to this, profiles, especially tensile armour wound with a small angle in relation 
to the longitudinal axis of the pipe, will not be able to absorb radial forces of any signifi- 
cance but will, in contrast, be able to absorb forces exerted along the longitudinal axis of 
the pipe. This type of profile is called tension-resistant profile. 

5 

A problem associated with the use of pressure-resistant profiles is that they are to be me- 
chanically fastened to each other in order to prevent them from being displaced along the 
longitudinal axis of the pipe, thus destroying the pipe. This mechanical fastening is 
achieved by designing the profiles in such a way that they are locked mechanically to each 
1 0 other in the spooling process. 

In accordance with conventional methods, armour elements are used for the pressure ar- 
mour, which are not symmetrical in two planes but which are symmetrical in one plane or 
ISO*" rotation symmetrical about the mass centre of the profile. 

15 

It is an object of the present invention to set out a new geometry of armour elements supe- 
rior to conventional designs with regard to the operation of the pipe. 

The object of the invention is fulfilled by a pressure armour comprising a number of X pro- 
20 files kept together with profiles of another type. 

This type of profile differs from ordinary profile types by being fully or partially symmetrical 
in two planes substantially perpendicular to each other. 

In addition, the new design of the armour elements has a cross section with a higher mo- 
25 ment of inertia and hence a higher bending torque than conventional designs. 

In this connection it is noted that the X profile differs further from other profiles in that it 
cannot be used by itself but only together with other profile types which do not contain a 
double symmetry in two planes substantially perpendicular to each other. 
30 Moreover, for certain X profiles the coupling of force to the nearest similar neighbours is 
effected through four lines of forces. 

On all known profile types, the transfer offeree to the nearest similar neighbours is effected 
through two lines offerees. 



wo 00/36324 



3 



PCT/DK99/00706 



Appropriate embodiments of the profiles used for connecting the X profiles are set out in 
claims 2-4. 

The X profile being provided with at least one channel as indicated in claim 5 and the 
channel in the X profile being suitably located at the side as indicated in claim 6, the chan- 
nel extending along adjacent edges of the X profile, provide the advantage that fluids may 
be conveyed in a spiral path along the longitudinal axis of the pipe, which may be estab- 
lished by means of pressurizing media. 

Moreover, additional appropriate embodiments are set out in claims 7-11. 
As mentioned above, the invention also relates to a use. 
This use is discussed in further detail in claim 12. 

In the following, the invention will be discussed in further detail with reference to the draw- 
ings, in which: 

Fig. 1 shows a usual construction of an annoured flexible pipe with its various layers, 

Figs. 2-5 show different examples of the composition of known pressure armour for flexible 
pipes of the type shown in Fig. 1 . 

Fig. 6 shows a profile according to the invention for use in pressure armour, 

Figs. 7 and 8 show embodiments of profile assembly according to Fig. 6, 

Fig. 9 shows another embodiment of the X profile according to the invention, allowing con- 
veyance of undesired or rinsing fluids in a channel along the winding direction of the profile. 

Figs. 10 and 1 1 show further embodiments by assembling of specific X profiles, whereas 

Figs. 12 and 13 show further embodiments of the X profile. 
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Fig. 1 shows a pipe comprising an inner liner 3 surrounding a carcass 1 constituted by a 
helically wound metallic strip 2 forming an inner pipe. During manufacture, the metallic 
strip 2 is constructed with flaps engaging with each other so that they lock the individual 
windings of the metallic strip 2 to each other in such a way that the carcass 1 may be bent 
5 along its longitudinal direction. 

As the inner carcass 1 is not sealed, it has a surrounding inner liner 3 to prevent fluids from 
flowing into or out of the interior of the pipe. 

On the outside of the inner liner 3, one or several layer(s) of profiles 5, 6 forming windings 
10 with a large angle in relation to the longitudinal direction of the pipe are helically wound. 
As a consequence of the large angle, the profiles are primarily capable of absorbing radial 
forces generated by inner or outer pressure. 

Inner pressure occurs during operation of the pipe. Outer pressure is generated partly by 
hydrostatic pressure of the surroundings and partly by mechanical stress during laying of 
15 the pipe. 

Thus, the windings form a pressure armour preventing the inner liner 3 from exploding as a 
consequence of a high pressure on the inside of the pipe or collapsing as a consequence 
of a high pressure on the outside of the pipe. 

20 Further, as shown in Fig, 1 , a tensile armour is provided on the outside of the pressure ar- 
mour, said tensile armour comprising one or several helically wound layers 7, 8. 

An intermediate sheath may be provided between the pressure armour and the tensile ar- 
mour in order to prevent fluids from migrating between the tensile armour and the pressure 
25 armour. 

Finally, these layers are sun^ounded by an outer sheath 9. 

However, as the intermediate sheath, the tensile armour and the outer sheath do not relate 
to the present invention, they will be discussed no further. 

30 

Usually, the pressure amiour is constructed by a number of interconnected profiles, e.g. as 
shown in the figures 2-5. 

Fig. 2 shows a pressure armour consisting of profiles 5, 6 which are C shaped and which 
35 are thus termed C profiles. Here, the interconnection is achieved by two C profiles engag- 
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ing with each other. In this way, a locking against movement perpendicular to the longitudi- 
nal direction of the profile is obtained. 

Fig. 3 shows a pressure armour which is coupled together by profiles 10, 11 which are T 
shaped and which are thus termed T profiles. Here, the coupling together is achieved by 
two T profiles engaging with each other. In this way, a locking against movement perpen- 
dicular to the longitudinal direction of the profile is obtained. 

Fig. 4 shows a pressure armour which is coupled together by profiles 12 which are Z 
shaped and which are thus termed Z profiles. The coupling together is achieved by winding 
the Z profile in such a way that the upper and the lower locking folds engage with each 
other, resulting in a locking against movement perpendicular to the longitudinal direction of 
the profile. 

Finally. Fig. 5 shows a pressure armour which is coupled together by two different types of 
profiles, i.e. C profiles 5 and T profiles 1 1 . 

According to the invention, the pressure armour in a first embodiment, as shown in Figs. 7 
and 9, is constructed by X profiles 14 which are coupled together by C profiles 5, 6. 
As shown in Fig. 6 in the first embodiment, the X profile itself has four locking folds 16 for 
engagement with locking folds of profiles of another type. 

Since the X profiles are coupled together with C profiles which are arranged symmetrically 
in relation to the longitudinal symmetry line of the X profile, the X profile is loaded with 4 
lines offerees providing a coupling capability so that they are not disconnected as a result 
of local changes of length of pipe. 

Fig. 8 shows a second embodiment of the annour layer, which differs from the embodiment 
shown in Fig. 7 in that the X profiles 14 are kept together with T profiles 10. 11. 
As it will be understood, this construction allows a flow of fluids along the profiles. 

A further embodiment of the invention is shown in Fig. 9. 

As shown in Fig. 7, the X profiles are again kept together with C profiles 5. 6 in this em- 
bodiment. However, the X profile 14a is designed with open channels 17 at the side. The 
channels 17 extend along a spiral line along the edge of the X profile. 
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In this way, the free volume between the X profiles forms a cx)ntinuous channel from one 
end of the pressure armour layer of the pipe to the other end of the pressure armour layer. 
This channel may optionally be used for removing undesired fluids or for introducing rinsing 
fluids in the pipe. The removal may be controlled e.g. by establishing an appropriate pres- 
sure difference between the ends of the pipe. 

Fig. 10 shows an embodiment of the X profile which is only affected by two lines offerees. 
Despite the fact that this use of the X profile does not provide optimum mechanical proper- 
ties, since the two operating lines of forces are not able to absorb to the same extent mo- 
ments affecting the X profile, this embodiment may be preferred due to ease of manufac- 
turing. 

Fig. 1 1 shows a further embodiment, wherein the lower part of the pressure armour is held 
in one X profile. The advantage of this embodiment over that shown in Fig. 10 is that the 
lower strip is controlled in relation to the strength-providing X profile. 

Figs. 12 and 13 show other embodiments of the X profiles. Fig. 10 showing an X profile 
14b which is designed "italic". This profile may of course also be coupled together with fit- 
ted C and T profiles. 

Finally. Fig. 13 shows an embodiment of the X profile 14c, wherein adjacent edges form an 
angle in relation to the normal to longitudinal axis of the pipe. 

It will be understood that the present invention as defined by the claims may be imple- 
mented in other ways than those shown above. 

Thus, the principles of the invention may be used freely in connection with pipes, in cases 
in which several of these are coupled together by means of coupling elements, etc. 
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CLAIMS: 



1. An armoured flexible pipe comprising an inner liner surrounded by a helically wound 
pressure armour, characterized in that the pressure amiour is constructed by a 
number of X profiles kept together with profiles of another type. 

2. A flexible pipe according to claim 1, characterized in that the other type of profile 
is a C type profile. 

3. A flexible pipe according to claim 1, characterized in that the other type of profile 
is a T type profile. 

4. A flexible pipe according to any of claims 1-3, characterized in that a number of X 
profiles are kept together by means of twice the number of C profiles and/or T profiles. 

5. A flexible pipe according to any of claims 1-4, characterized in that the X profile 
is provided with at least one channel. 

6. A flexible pipe according to claim 5. characterized in that the channel in the X 
profile is open at the side. 

7. A flexible pipe according to any of claims 1-6, characterized in that the X profile 
has at least 4 locking folds. 

8. A flexible pipe according to any of claims 1-7, characterized in that the pressure 
armour is of a material which is fully or partially made of a metal, a metal alloy, or a ce- 
ramically reinforced metal material. 

9. A flexible pipe according to claim 8, c h a r a c t e r i z e d in that the material contains at 
least 50% Fis. 

10. A flexible pipe according to any of claims 1-7, c h a r a c t e r i z e d in that the material 
is fully or partially made of a polymer or a reinforced polymer. 
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1 1. A flexible pipe according to claim 10, c h a r a c t e r i z e d in that the material contains 
more than 20% reinforcing fibres. 

12. A use of an armoured flexible pipe according to any of claims 1-1 1 for conveying fluids 
such as water, ammonia, hydrocarbons, etc. 
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